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with dopants of a second type, and the first regions form first
pn-junctions with the surrounding substrate. At least a first
well region is formed in the substrate and doped with dopants
of'a second type to form a second pn-junction with the sub-
strate. The first well region is electrically connected to the first
regions of the vertical transistor via a semiconductor switch.
The semiconductor device comprises a detection circuit,
which is integrated in the substrate and configured to detect
whether the first pn-junctions are reverse biased. The switch
is opened when the first pn-junctions are reverse biased and
the switch is closed when the first pn-junctions are not reverse
biased.
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1
SMART SEMICONDUCTOR SWITCH

TECHNICAL FIELD

The present disclosure relates to the field of integrated
electronic circuit devices, particular an integrated electronic
circuit device including a MOS transistor and additional cir-
cuitry integrated in one semiconductor die.

BACKGROUND

Many power semiconductor switches can be combined
with additional low power analog and digital circuitry in one
single semiconductor chip. The additional circuitry may addi-
tionally include, inter alia, driver circuits for generating driver
signals to activate and deactivate the power semiconductor
switches, sensor and measurement circuits for processing
measured signals such as chip temperature, output current,
and circuitry used for communicating with other devices such
as microcontrollers or the like. The power semiconductor
switches are often implemented as vertical transistors such as
vertical MOSFETs or IGBTs. Vertical transistors have the
power electrodes (e.g. drain and source electrodes in case of
a MOSFET or collector and emitter electrodes in case of an
IGBT) on opposing sides (top and bottom) of the semicon-
ductor chip.

In such intelligent semiconductor switches with vertical
power transistors, the substrate is usually electrically con-
nected to one load terminal of the power semiconductor
switch. If, for example, the power semiconductor switch is a
vertical MOS transistor, the drain electrode of the MOS tran-
sistor is electrically connected to the semiconductor substrate
and thus the drain potential of the transistor also defines the
electrical potential of the substrate. The mentioned additional
analog and digital circuitry is also integrated in the semicon-
ductor substrate, wherein the circuit components are isolated
from the surrounding substrate, for example, by a pn-junction
isolation. For example, the substrate may be n-doped and the
mentioned additional circuitry may be implemented within a
p-doped well (p-well) formed within the n-doped substrate
(n-substrate). The resulting pn-junction between the n-sub-
strate and the p-well is reverse biased during the operation of
the integrated circuit and thus the pn-junction electrically
isolates the circuit components in the p-well from the sur-
rounding n-substrate.

SUMMARY

A semiconductor device is disclosed herein. In accordance
with one aspect, the semiconductor device comprises a semi-
conductor substrate doped with dopants of a first type and a
vertical transistor composed of one or more transistor cells.
Each transistor cell has a first region formed in the substrate
and doped with dopants of a second type, and the first regions
form first pn-junctions with the surrounding substrate. At
least a first well region is formed in the substrate and doped
with dopants of a second type to form a second pn-junction
with the substrate. The first well region is electrically con-
nected to the first regions of the vertical transistor via a
semiconductor switch. The semiconductor device comprises
a detection circuit, which is integrated in the substrate and
configured to detect whether the first pn-junctions are reverse
biased. The switch is opened when the first pn-junctions are
reverse biased and the switch is dosed when the first pn-
junctions are not reverse biased.

BRIEF DESCRIPTION OF THE DRAWINGS

The techniques can be better understood with reference to
the following drawings and descriptions. The components in
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2

the figures are not necessarily to scale; instead emphasis is
placed upon illustrating the principles of the techniques.
More-over, in the figures, like reference numerals designate
corresponding parts. In the drawings:

FIG. 1 illustrates the basic configuration of a power MOS
transistor as a low-side switch for switching an inductive
load;

FIG. 2 illustrates one example implementation of the
power MOS transistor and additional low power circuitry in
one semiconductor chip;

FIG. 3 illustrates a semiconductor device including a ver-
tical power MOS transistor and additional low power cir-
cuitry separated from the substrate by a pn-junction isolation;

FIG. 4 illustrates the example of FIG. 3 in more detail;

FIG. 5 illustrates the example of FIG. 4 in more detail; and

FIG. 6 illustrates the spacing between the individual com-
ponents integrated in the semiconductor body in accordance
with the example of FIG. 5.

DETAILED DESCRIPTION

FIG. 1 illustrates the basic application of a low-side semi-
conductor switch configured to switch an inductive load .. In
the present example, a power MOSFET T, is used as a semi-
conductor switch. The MOSFET T, is integrated in a semi-
conductor chip together with further analog and digital cir-
cuitry such as a gate driver circuit 10. The gate driver circuit
10 receives a logic signal S;,,and is configured to generate a
corresponding driver signal for switching the semi-conductor
switch on and off. In the present example, the driver circuit 10
is connected to the gate of the MOSFET T, and generates, as
driver signal, an appropriate gate voltage or gate current to
activate and deactivate the MOS channel of the MOSFET T, .
When using low side switches the MOSFET T, is connected
between a first supply node and an output node. The first
supply node is usually a ground terminal GND supplied with
ground potential V 5,5 The output node is usually connected
to a respective external output terminal OUT of the semicon-
ductor chip. The load L is connected between the output
terminal OUT and a second supply terminal SUP which is
supplied with a supply voltage V.. The supply voltage V
may also be used to supply the further circuitry integrated in
the chip such as the gate driver 10. However, a different
voltage supply may be used for this purpose.

When the MOSFET T, is active the voltage V 5 at the
output terminal OUT approximately equals the ground poten-
tial V 5, and the voltage drop across the load L approxi-
mately equals V5. The intrinsic reverse diode Dy of the
MOSFET T, is reverse biased and blocking in normal opera-
tion. In some situations, however, the output voltage V5.
may be forced to negative values (with respect to ground
potential V ;) and thus the reverse diode D, may become—
at least temporarily—forward biased and conductive. Such
situations may be, inter alia, disturbances at the supply ter-
minal due to electrostatic discharges (ESD), loss of supply
voltage (V) in combination with an inductive load, etc.
While a forward biasing of the reverse diode is not necessarily
problematic for the MOSFET T, itself, it may adversely
affect the operation of the further (low power) circuitry inte-
grated in the semiconductor chip. These adverse effects are a
result of the specific design of “intelligent power switches”
which include vertical power MOSFETs and further (analog
and digital) circuitry in one single semi-conductor chip.

FIG. 21is across sectional view of a semiconductor chip and
schematically illustrates one example implementation of an
intelligent power switch including a vertical power MOSFET
as well as further analog and/or digital circuitry. Such further
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circuitry may include, inter alia, gate driver circuits for gen-
erating gate signals for the MOSFETSs, communication cir-
cuits for communicating with external controllers, measure-
ment circuits for measuring and processing signals
representing physical parameters (e.g. temperature, load cur-
rent) to be measured, etc. A semiconductor device (e.g. intel-
ligent power switch) includes a semiconductor (silicon) sub-
strate 10 which may have an epitaxial layer 10 of
monocrystalline silicon disposed thereon. Substrate 10 and
epitaxial layer 11 are doped with dopants of a first type. In the
present example, n-type dopants (e.g. phosphor, arsenic, etc)
are used. Substrate 10 and epitaxial layer 11 together are
referred to as semiconductor body 1 or simply as chip. Several
doped well regions 12, 22 are formed in the semiconductor
body. The well regions adjoin the top surface of the semicon-
ductor body and extend into the semiconductor body 1 in a
vertical direction. The well regions are doped with dopants of
a second type. In the present example, p-type dopants (e.g.
boron, aluminum, etc.) are used. The p-doped well regions are
also referred to as p-wells, which may be formed, for
example, by way of diffusion or ion implantation.

A plurality of p-wells 12 form body regions of the (n-chan-
nel) MOSFET T,, which is composed of a plurality of tran-
sistor cells. The p-wells 12 and the n-doped semiconductor
body form first pn-junctions J1, which can be regarded as
reverse diode Dy, (see FIG. 1) of the MOSFET T, . It should be
noted, that FIG. 2 illustrates a cross section, wherein the
p-wells 12 (body regions) appear separated in the depicted
cross-sectional plane. However, the p-wells may be coher-
ently linked together in another cross-sectional plane so that
one coherent body-region is formed. Analogously, the drain
regions of the individual transistor cells may be one coherent
drain region formed by the substrate 10. However, vertical
transistors composed of a plurality of (coherent or non-co-
herent) transistor cells, are as such known and thus not further
discussed here.

At least one source region 13 is embedded in each p-well
12. The source regions 13 are doped with dopants of the first
type. In the present example, the source regions 13 are
n-doped to form an n-channel MOSFET. As mentioned above
with regard to the p-wells 12, the source regions 13 appear
separated in the depicted cross section, but may be coherently
linked together in another cross-sectional plane, so as to
effectively form one coherent source region. This is, however,
not necessarily the case. A body contact region 14 may also be
embedded in each p-well 12. The body contact regions 14 are
doped with dopants of the same type as the p-well, but a
higher concentration of dopants is applied to allow an ohmic
contact of the p-well 12. The source regions 13 and the sur-
rounding p-well 13 form second pn-junctions J2 which are,
however, usually short-circuited by the source electrode 16
disposed on the top surface of the semiconductor body and
directly connecting source regions 13 and body contact
regions 14 with only negligible ohmic resistance. The epi-
taxial layer 11 forms the (n-doped) drift region of the MOS-
FET T, whereas the substrate 10 forms the drain region of the
MOSFET T,. Usually the dopant concentration in the drift
region is much lower than in the drain region (substrate 10).
The source regions of each transistor cells may be all con-
nected to an external source terminal of the MOSFET T,. In
the present example the common source terminal is the
ground terminal GND. The drain region, i.e. the substrate 10,
is connected to the output terminal OUT (see also FIG. 1).

Gate electrodes 15 may be arranged on the top surface of
the semiconductor body 1. The gate electrodes 15 are, how-
ever, isolated from the surrounding semiconductor material.
Usually silicon oxide is used as isolating material. The gate
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electrodes 15 are disposed adjacent to that part of the body
regions 12 which separate source regions 13 from the drift
regions epitaxial layer 11). When the gate electrode 15 is
charged a conductive channel is generated in the body region
12 alongside the gate electrode 15. In the present example, the
gate electrodes 15 are formed on the top surface of the semi-
conductor body and the channel current flows substantially
parallel to the top surface before being drained in a vertical
direction to the drain electrode. Alternatively, the gate elec-
trodes may also be arranged in trenches. However, trench
transistors are known as such and therefore not further dis-
cussed herein. In the present example only one transistor cell
is illustrated. However, a power MOSFET usually is com-
posed of a plurality (up to several thousands) of transistor
cells connected in parallel.

As mentioned above, a further p-well 22 is formed in the
semiconductor body 1. Like the p-wells 12, which form the
body regions of the transistor cells, the p-well 22 adjoins the
top surface of the semiconductor body 1 and extends into the
semiconductor body in a vertical direction. The p-well 22
encloses further circuitry, e.g. analog and digital circuits,
which are isolated using the pn-junction isolation formed by
the pn-junction J3 between the p-well 22 and the surrounding
n-doped semiconductor body 1. As the body regions 12, the
p-well 22 may be formed using diffusion of ion implantation
of dopants. Amongst other circuit components, at least a
heavily p-doped well contact region 24 and an n-doped sup-
ply contact region 23 are embedded in the p-well 22. To
ensure that the pn-junction J3 is reverse biased during normal
operation and thus operates as pn-junction isolation, the well
contact region 24 is electrically connected to the further
p-wells 12 (body regions) and thus to the source electrode of
the MOSFET T, whereas the substrate 10 is connected with
the drain electrode. As, during normal operation, the drain
potential is higher than the source potential of the MOSFET
T,, the pn-junction J3 is normally reverse biased and isolates
the circuitry embedded in the p-well 22 from the surrounding
n-doped semiconductor body 1. The supply contact region 23
is connected to a supply node SUP,, providing a supply
voltage, in the present example the internal supply voltage
V i The well contact region 24 is electrically connected to
the ground terminal GND and thus is supplied with ground
potential V o

The example of FIG. 2 also illustrates an ESD protection
structure, which includes a resistor R, and a first ESD
protection circuit 31 and a second ESD protection circuit 32.
The resistor RF oo, is connected between the supply terminal
SUP and the internal supply node SUP,,; the first ESD
circuit 31 is connected between the supply terminal SUP and
ground, whereas the second ESD circuit 32 is connected
between the internal supply node SUP' and ground. A gate
driver 30 is also symbolized in FIG. 4. The gate driver gen-
erates a gate signal supplied to the gate electrodes 15 in
accordance with an input signal S, The gate driver 30 may
be integrated in the p-well 22 and supplied with the internal
supply voltage V .

As can be seen from FIG. 2, the pn-junction J1 becomes
forward biased when the output voltage V. is negative,
which can be caused by various effects as discussed above. As
a result the reverse diode Dy of the MOSFET T, becomes
forward biased and current flows from the body regions 12
into the surrounding epitaxial layer 11. Similarly, the pn-
junction J3 becomes forward biased and current flows from
the p-well 22 into the epitaxial layer 11. This can activate
various undesirable parasitic devices. For example, the pn-
junction J3 may act as the base-emitter diode of a parasitic
bipolar junction transistor (BJT) Q,, which is formed by the
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n-doped epitaxial layer 11 (emitter), the p-well 22 (base), and
the n-doped supply contact region(s) 23 (collector) embedded
in the p-well 22. Therefore, the current through the pn-junc-
tion J3 can be seen as base current activating the parasitic BIT
Q;.When active, the BJT Q, has a collector-emitter saturation
voltage V -z, of about 0.5 volts. So assuming the output
voltage V . (drain voltage of the MOSFET T)) is approxi-
mately —1.5 volts and the supply voltage V,, at the supply
terminal SUP is 5.5 volts results in a voltage drop of 6.5 volts
across the resistor RF ;,, which limits the current through the
chip to 32.5 milliamperes for R;s,=200 Ohms. The internal
supply voltage V ,,,,,, collapses to —1 volt. As a result, the gate
driver may not be able to generate a gate signal to switch the
power MOSFET T, on; furthermore all digital information
stored in circuits residing in the p-well 22 (e.g., latches, etc.)
may be lost. As such, the device including the chip may be
inoperative during reverse current and negative output volt-
age. Even a temporary forward biasing of the pn-junctions J1
and J3 may lead to a reset of the circuitry embedded in the
p-well 22.

For instance, in some circumstances the pn-junction form-
ing the mentioned pn-junction isolation may become forward
biased, which makes the pn-isolation ineffective. As a result,
current can pass through the pn-junction between n-substrate
and p-well, which may negatively affect the operation of the
circuitry implemented in the affected p-well. The forward
biasing of the pn-junction isolation may occur in various
situations. For example, the potential of the drain electrode
may become negative with respect to the potential of the
source electrode when switching inductive loads with low-
side n-channel MOSFETs. The negative drain potential
entails a negative substrate potential thus forward-biasing the
pn-junction isolation between the n-substrate and the p-wells
formed therein. A similar problem may occur due to a shift of
the ground potential as a result of a voltage drop in the ground
line. Moreover, disturbances in the supply lines (e.g., due to
electrostatic discharges, ESD) may also lead to a forward
biasing of the mentioned pn-junction isolations.

To avoid the problems discussed above, the connection
between the p-wells 12 (body regions) and the p-well 22 can
be interrupted using a switch SW, . This situation is illustrated
in FIG. 3 which is essentially the same as FIG. 2 except that
the switch SW, is connected between the p-wells 12 (body-
regions) and the p-well 22, which is electrically contacted via
the well contact regions 24. The switch SW, is controlled by
a drive signal S ,-which is indicative of whether, or not, the
pn-junction J1 (i.e. the reverse diode Dy) is forward biased
and thus conductive. The drive signal Sz ,-is generated by a
detection circuit which is configured to detect a forward bias-
ing of the pn-junction J,. Examples of the detection circuit
will be discussed later.

FIG. 4 illustrates one implementation of the switch SW,
which is configured to electrically isolate p-well 22 from
p-well 12 (and thus from the source electrode of the MOSFET
T,). Apart from the implementation of the switch SW, which
is not shown in detail in FIG. 3, the example of FIG. 4 is
essentially the same as the previous example of FIG. 3. In the
present example, the switch SW, is implemented as a further
lateral MOS transistor which is embedded in a separate well
region 42, which is also doped with dopants of a second type
and thus referred to as p-well 42. Similar to the p-well 22, the
p-well 42 forms a pn-junction J4 with the surrounding
n-doped epitaxial layer 11. In a horizontal direction, the
p-well 42 is arranged between the p-well 22 and the array of
p-wells 12 (i.e. the transistor cell array). The p-well 42
includes a drain region 43 and a source region 41 as well as a
body contact region 44. The drain region 43 and the source
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region 41 are n-doped to form a lateral n-channel MOS tran-
sistor. In a horizontal direction, drain region 43 and source
region 41 are separated by a portion of the p-well 42 which
forms the body region of the MOS transistor. Isolated from
the body region (e.g. by an oxide layer) a gate electrode 45
extends of the top surface of the semiconductor body 1
between the source region 41 and the drain region 43. The
source region 41 and the body contact region 44 may be short
circuited and connected to the source electrode of the power
MOSFET T, viaaresistor R. The drain region 43 is connected
to the well contact region 24 of the p-well 22. When the gate
signal S .- drives the gate potential to a sufficient high level
(with respect to potential of the p-well 42) then the MOS
channel becomes conductive (i.e. switch SW is closed, see
FIG. 3) and provides a low resistive connection between the
well contact region 24 (of p-well 22) and the resistor R. Thus
the potential of the p-well 22 is tied to the potential of the
p-wells 12 (body regions of power MOSFET T),) via resistor
R as long as the MOS transistor in p-well 42 (i.e. switch SW,)
is conductive. However, as no substantial current flows
through the resistor R during normal operation (i.e. pn-junc-
tion isolation is active and switch SW is closed) the resistor
causes no or only a negligibly low voltage drop. However,
when the pn-junctions J1, J3, and J4 are reverse biased, the
resistor R limits the current through the pn-junction J4.

A second parasitic BIT Q, is formed in p-well 42 analo-
gously to the parasitic BIT Q, in p-well 22. The pn-junction
J4 formed by the p-well 42 and the n-doped epitaxial layer 11
is the base-emitter diode of BJT Q,; the n-doped source and
drain regions 41 and 43 can be regarded as the collectors of
the BIT Q,. When the pn-junctions J1, J3, and J4 are forward
biased, then the parasitic BJT Q, becomes active and, as a
result, the collector potential of BJT Q, (and thus the drain
potential of the MOS transistor in p-well 42 as well as the
potential of p-well 22, which may contain numerous logic
devices and is connected to p-well 42 via the contact region
24) is pulled down to a value of V 5, 7+V ., Assuming (as
in the example above) an output voltage of 1.5 volts and a
collector-emitter saturation voltage V -z, of 0.5 volts, the
drain region 43 is pulled to a potential of —1 volt with respect
to ground potential. In such a situation, the MOS transistor in
the p-well 42 as well as any logic circuitry in p-well 22 are
inactive and the current flowing through the PN-junction J4 is
limited by resistor R to an acceptable value. Most of the
substrate current (flowing from p-wells into the epitaxial
layer 11) is directed through the p-wells 12 of the power
MOSFET T, . As a result, the active BIT Q, in p-well 42 sets
the effective base-emitter-voltage of the BIT Q, in p-well 22
to the value V.., which is lower than the threshold voltage
of the base-emitter-diode of the BJT Q,; thus an activation of
BJT Q, is prevented. In this situation the lateral MOS tran-
sistor in p-well 42 is driven into an inactive state.

The gate signal Sz, for driving the MOS transistor in
p-well 42 on and off is provided by a detection circuit as
mentioned above, which is configured to detect a forward
biasing ofthe pn-junctions J1, J3, and J4. One example imple-
mentation of the detection circuit is illustrated in FIG. 5.
Apart from the implementation of the detection circuit, which
is notshown in FIG. 4, the example of FI1G. 5 is essentially the
same as the previous example of FIG. 4. To avoid repetitions
the further discussion focuses on the detection circuit and its
interaction with the switch SW,.

The detection circuit is formed by providing a further
p-well 52 (horizontally) between the p-well 42 and the
p-wells 12, which form the body regions of the power MOS-
FET T,. The further p-well 52 includes an n-doped collector
region 53 and a p-doped well contact region 54, such that
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another vertical BJT Q; is formed, wherein the n-doped epi-
taxial layer 11 forms the emitter, the p-well 52 forms the base,
and the collector region 53 the collector of the BJT Q. The
pn-junction J5 between the p-well 52 and the epitaxial layer
11 is the base-emitter diode of the BJT Q;. The well contact
region 54 (i.e. the base of BIT Q,) is electrically connected to
the p-wells 12 (body regions) of the power MOSFET T, and
thus to the source potential of the power MOSFET T, (ground
potential V 5, in the present example). The collector region
53 is connected (e.g. via alow ohmic current path) to the gate
electrode 45 of the MOS transistor in p-well 42. Collector
region 53 and gate electrode 45 are further connected to the
supply terminal SUP via a high ohmic resistor R .

The voltage signal Sy, present at the collector region 53
can be regarded as output signal of the detection circuit.
During normal operation, i.e. when the output voltage V -
is equal to or greater than the ground potential, the pn-junc-
tions J1, J3, J4, and J5 are reverse biased and operate as
pn-junction isolation. The parasitic BITs Q,, Q,, and Q; are
inactive and, as a result, the collector potential of the collector
region 53 of the BJT Q; is pulled to a high level (Szz,=V )
by the pull-up resistor R ;. Therefore, the gate potential of the
gate electrode 45 is also at a high level (i.e. at V) and the
MOS transistor in p-well 42 (i.e. the switch SW, see FIG. 3)
is closed; the potential of the p-well 22 is tied to the potential
of'the p-wells 12, which form the body regions of the power-
MOSFET T,.

When the output voltage V - is forced to negative values
(e.g. dueto an inductive load), then the pn-junctions J1 as well
as the pn-junction J5 of the detector circuit is forward biased.
As a result, a base-emitter current flows through the base-
emitter diode of BJT Q; into the epitaxial layer 11 thereby
activating the BJT Q; and pulling down the collector potential
of the collector region 53 to a value Sz;;,=V 5 +VCE,,,
(which may be also negative if, e.g., V,,,=-1.5 V and
V czsa=0-5 V). Due to the low level of the gate signal S, ;- the
MOS transistor in p-well 42 is deactivated (i.e. switch SW | is
switched off), thus decoupling the p-well 22 from the p-wells
12 and ground potential. As a result an activation of the BJT
Q, in p-well 22 is prevented and excessive input current
through the ESD protection circuit (which would lead to a
collapse of the internal supply voltage V,,,,.,) is avoided.

FIG. 6 illustrates a cross section of the same semiconductor
chip wherein some details have been omitted in order to keep
the drawing simple. FIG. 6 illustrates the spacing between
p-wells 22 and 42 and between p-wells 42 and 52. In a
horizontal (lateral) direction the p-well 22 and the p-well 42
(in which the lateral MOS switch is implemented) are spaced
apart from each other by a distance d,. Similarly, the p-well
42 and the p-well 52 (which includes part of the detection
circuit for detecting a forward biasing of the substrate diode
Dy), are spaced apart from each other by a distance d,. The
spacing between p-wells 22 and 42 and between p-wells 42
and 52 is provided to increase the base lengths of the parasitic
lateral pnp-type bipolar junction transistors Q, and Q5 formed
the respective p-wells. Increasing the distances d, and d,
significantly reduces the current gain of the BJTs Q, and Q5
thus making the parasitic BITs practically ineffective. As
such, the parasitic pnp BJTs are effectively suppressed.

As an alternative to increasing the spacing between the
p-wells, other techniques for suppressing the parasitic pnp-
type BITs Q, and Q5 may be used. For example, a deep trench
isolation (DTI) may be formed between the p-wells 22 and 42
and/or between the p-wells 42 and 52. However, other types
of parasitic BJT suppression may be applicable.

Although the techniques have been illustrated and
described with respect to one or more implementations, alter-
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ations and/or modifications may be made to the illustrated
examples without departing from the spirit and scope of the
appended claims. In particular regard to the various functions
performed by the above described components or structures
(assemblies, devices, circuits, systems, etc.), the terms (in-
cluding a reference to a “means”) used to describe such com-
ponents are intended to correspond, unless otherwise indi-
cated, to any component or structure which performs the
specified function of the described component (e.g., that is
functionally equivalent), even though not structurally equiva-
lent to the disclosed structure which performs the function in
the herein illustrated example implementations of the tech-
niques. In addition, while a particular feature may have been
disclosed with respect to only one of several implementa-
tions, such feature may be combined with one or more other
features of the other implementations as may be desired and
advantageous for any given or particular application. Further-
more, to the extent that the terms “including”, “includes”,
“having”, “has”, “with”, or variants thereof are used in either
the detailed description and the claims, such terms are
intended to be inclusive in a manner similar to the term
“comprising”.

We claim:

1. A semiconductor device comprising:

a semiconductor substrate doped with dopants of a first
type;

a vertical transistor composed of one or more transistor
cells, each transistor cell having a first region formed in
the substrate and doped with dopants of a second type;
the first regions forming first pn-junctions with the sur-
rounding substrate;

at least a first well region formed in the substrate and doped
with dopants of a second type to form a second pn-
junction with the substrate, the first well region being
electrically connected to the first regions of the vertical
transistor via a semiconductor switch;

and a detection circuit integrated in the substrate, wherein
the detection circuit detects whether the first pn-junc-
tions are reverse biased, wherein the switch is closed
when the first pn-junctions are reverse biased and the
switch is opened when the first pn-junctions are not
reverse biased.

2. The semiconductor device of claim 1,

wherein the semiconductor switch includes a further tran-
sistor, which is a lateral transistor that is integrated in a
second well region;

wherein the second well region is doped with dopants of a
second type to form a third pn-junction with the sub-
strate; and

wherein the second well region is electrically coupled to
the first regions of the vertical transistor.

3. The semiconductor device of claim 2,

wherein the second well region is electrically connected to
the first regions of the vertical transistor via a resistor.

4. The semiconductor device of claim 2, wherein the fur-

ther transistor is a lateral MOS transistor.

5. The semiconductor device of claim 4,

wherein the second well region is a body region of the
further transistor.

6. The semiconductor device of claim 4,

wherein the detection circuit generates a gate signal to
activate or deactivate the further transistor dependent on
whether or not the first pn-junctions are not reverse
biased.
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7. The semiconductor device of claim 2,

wherein the detection circuit is integrated in a third well
region which is doped with dopants of the second type to
form a fourth pn-junction with the substrate.

8. The semiconductor device of claim 7,

wherein the third well region includes a collector region
which is doped with dopants of the first type to form a
fifth pn-junction with the third well region, the fourth
and the fifth pn-junctions forming a bipolar junction
transistor.

9. The semiconductor device of claim 7,

wherein the third well region includes a collector region
which is doped with dopants of the first type to form a
fifth pn-junction with the third well region, the fourth
and the fifth pn-junctions forming a bipolar junction
transistor; and

wherein the collector region is coupled to a gate electrode
of the a further MOS transistor.
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10. The semiconductor device of claim 9,

wherein the collector region is further connected to a sup-

ply potential via a resistor.

11. The semiconductor device of claim 1,

wherein the first well region includes at least one of: analog

circuitry, digital logic circuitry, a gate driver circuit,
communication circuitry, which are isolated from the
substrate by a pn-junction isolation provided by the sec-
ond pn-junction.

12. The semiconductor device of claim 1, wherein the
vertical transistor is a MOS transistor and the first regions are
the body regions of the vertical transistor.

13. The semiconductor device of claim 1, wherein the
vertical transistor is composed a plurality of transistor cells
having second regions; the second regions of the transistor
cells being electrically connected to each other.

14. The semiconductor device of claim 13, wherein the
second regions of the transistor cells are coherently linked
together.



